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}Presentation
ƁEmailed to all attendees within 24 hours

ƁPosted to www.gulfcoastcleanenergy.org

}Questions 
ƁSubmit via Chat Feature

ƁAnswered via email

}Continuing Education Units (CEU)
ƁUpon request 

http://www.gulfcoastcleanenergy.org/


1. Background

2. CHP Overview

3. Absorption Chiller & Steam Turbine 

driven Chiller ðBasics

4. Cooling only CHP 
¶ Actual Building Analysis

¶ CHP & Thermal Energy Storage

¶ Installations
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Promote CHP, Waste Heat Recovery & District Energy through

ƁEducation & Outreach
¶ Website

¶ Newsletters

¶ Webinars

¶ Workshops

ƁPolicy Initiatives
¶ Educate legislators

¶ Comment on dockets/rulings

¶ Support TXCHPI ( active CHP industry advocates in the region )

ƁProject Support
¶ Free or low cost CHP feasibility studies

¶ Case Studies/Project profiles

¶ Answer technical questions

¶ Connect end - users to equipment manufacturers

¶ Facilitate tours to CHP installations for prospective adopters

¶ Manufacturer neutral and unbiased service
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} is located in close proximity to the energy consumer 
ðbuilding, campus or industrial 

}provides at least a portion of the facilityõs electrical 
load

}captures thermal energy for use in: 

ƁCooling

ƁDehumidification

ƁWater and space heating

ƁProcess heat
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}Coincident electrical and thermal loads 

}Continuous operation (24 hr x 365 days) 

}Low seasonal variation in loads

}High power reliability needs



} Industrial Sector
ƁSignificant adoption of CHP due to process heat/steam 

loads ( ~17 GW) 

}Commercial Buildings
ƁLimited Adoption (except in hospitals & universities)
ƁAbsence of year round heat loads 
ƁSignificant chiller loads in summer
ƁDiurnal & Seasonal variations

}Barriers & Questions
ƁNegative perception of absorption chillers
ƁHow does one maximize efficiency and use the waste heat 

to its fullest potential?
ƁCan it compete economically with power purchased from 

the utility?
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} Natural Gas
Ɓ Significant reserves discovered during the last decade
Ɓ Low price ( ~ avg $4.5/MMBtu ðJanuary 2011)
Ɓ Distributed generation ðcan compete against utility

} Advances in technology
Ɓ Automatic de - crystallization
Ɓ Efficiencies up to 1.43 COP
Ɓ Chilled water production as low as 32 deg F
Ɓ Exhaust gas direct fired models available ðno heat exchanger required
Ɓ Chiller heat pumps available ðsimultaneous production of hot water and chill water
Ɓ Remote monitoring of chiller
Ɓ Several successful installations across the country/world ðIBM datacenter, BP Helios plaza

} Increased interest amongst legislators & citizens with regards to
Ɓ energy efficiency, 
Ɓ clean energy, 
Ɓ energy independence & security

} Incentives available to the Large C&I Standard Offer Programs ðCenterPoint, 
Oncor, 
Ɓ Methodist Hospital - ~$400,000
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}Absorption Chillers
ƁSingle, double & triple effect
ƁCan accept exhaust gas, hot water or steam
ƁAvailable ranges: 10 tons ð3,000 tons
ƁUsually requires more space
ƁNo CFCõs or HCFCõs etc ðusually Li - Br
ƁCOPõs ð0.75 to 1.4 

}Steam turbine driven Chillers
ƁSteam used to drive the compressor instead of electricity
ƁAvailable ranges: ~300 tons ð5,000 tons
ƁVery good part load performance
ƁSpace requirement ðcomparable to electric chillers
ƁCOPõs ð1.8
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Single-Effect Double-Effect

COP 0.75 1.4

Heat Source

Minimum Temperature, oF 180 350

Hot Water Flow Rate, lbs/h per RT 1,000 400

Steam Flow Rate, lbs/h per RT 18 10-11

Steam Pressure, psig 15 115-125

Integration w/ Waste Heat from:

Reciprocating engines, RT/kW0.22 - 0.28 0.3-0.4

Combustion turbines, RT/kW 0.28 - 0.33 0.4-0.5

Microturbines, RT/kW 0.33 - 0.45 0.2

Installed Cost ($/RT)

100 RT 1000 1200

500 RT 700 900

1,000 RT 650 850

2,000 RT 500 700

O&M Costs ($/RT/yr)

100 RT 30 30

500 RT- 2,000 RT 16-28 17-25
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}1.3 Million square feet Office Building

}Located in downtown Houston

}Operation ðMonday thru Friday 7 AM ð7 PM

}HVAC Systems

ƁLighting Power Density ð1 W/ sf

ƁCentrifugal Chillers

ƁVariable Air Volume Systems

}Rates

ƁElectricity : $0.068/kWh & $8.3/kW

ƁGas : $6.00 /MMBtu



}Used DOE 2.1 - Building Energy Analyzer Pro

}Obtained hourly 

Ɓelectric, 

Ɓchilled water, 

Ɓdomestic hot water

Ɓspace heating loads

}Calibrated Model using Actual Utility Bills

}Analyzed different CHP configurations
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Summer Winter

}Weekday 

ƁPeak Electric demand

¶5,584 kW

ƁPeak Cooling Load

¶3,228 tons

}Night/ Weekend

ƁElectric demand

¶1,093 kW

ƁCooling Load

¶800 tons

}Weekday 

ƁPeak Electric demand

¶4,700 kW

ƁPeak Cooling Load

¶2,395 tons

}Night/ Weekend

ƁElectric demand

¶845 kW

ƁCooling Load

¶138 tons
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Thermal E nergy 

Storage (ton - hrs)

Å0

Å3,000

Å6,000

Å9,000

Å12,000

Å15,000

Å18,000

Å21,000

Absorption 
Chiller 
(Tons)

Matching 
Engine 
Capacity 
(kW)

Matching 
Turbine 
Size (kW)

200 667 500

400 1,333 1,000

600 2,000 1,500

800 2,667 2,000

1,000 3,333 2,500

1,200 4,000 3,000

1,400 4,667 3,500
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HEATING LOAD:1%

ELECTRIC 
LOAD: 99%

COOLING LOAD 
(ELECTRICITY):30%

NON- COOLING 
ELECTRIC LOAD: 
69%

HEATING LOAD:1%

COOLING LOAD: 
Served by Grid

ELECTRIC LOAD: 
Served By Grid

HEATING LOAD:1%

ELECTRIC LOAD:
Served By CHP

Cooling Load:
Served by CHP



24

Building Efficiency = Load Catered by Grid (%) * Grid Efficiency + 
Load Catered by CHP (%) * CHP Efficiency

CHP Efficiency = (Electricity Generated + Electricity avoided due to 
Absorption Chillers )/

Fuel Input

Grid Efficiency = 31 %
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At ~85% Load, the incremental efficiency 
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CHP Plant caters to 55% of the 
Buildingõs Electricity 
Consumption

CHP Plant caters to 77% of 
the Buildingõs Electricity 
Consumption

} CHP Configuration A

Ɓ1.3 MW Engine

Ɓ400 ton Absorption 
Chiller

} Impacts

ƁBuilding Efficiency: 41%

ƁEfficiency Increase: 31%

ƁAnnual Savings: $406,136

ƁCO2 reduction: 5,070 
tons

} CHP Configuration B

Ɓ2 MW Engine

Ɓ600 ton Absorption 
Chiller & 9,000 ton - hrs 
TES

} Impacts

ƁBuilding Efficiency: 44%

ƁEfficiency Increase: 43%

ƁAnnual Savings:$528,097

ƁCO2 reduction: 8,114 
tons
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Baseline Electricity Consumption 
(kWh)

20,426,466

Reduction in 
Electricity 

Consumption 
(kWh)

Increase in 
Building

Efficiency 
(%)

Annual 
Savings ($)

Simple 
Payback

Lighting - 30% 
reduction in Lighting 

Power Density
980,470 11% $67,144 ~ 4 years

Chillers - 30% more 
Efficient Chillers

1,838,382 20% $125,896 ~ 12 years

CHP Config A - 400 ton 
Absorption Chiller

2,433,146 31% $406,136 ~ 6 years

CHP Config B - 600 ton 
Absorption Chiller & 
9,000 ton - hr tank

3,695,988 43% $528,097 ~ 10 years



}TES
ƁShifts cooling demand from on - peak to off - peak

ƁCan be partial shift or full shift

ƁTanks charged at night by chillers & discharge chill 
water during peal periods

}CHP
ƁPrefers to be base loaded

ƁNeeds a constant source of thermal load to 
maximize efficiency and minimize wasted heat
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}System Efficiencies range: 36% - 48%

}Energy Efficiency Increase: 16% - 55%

}Simple Paybacks: 5 ð14 years

}TES contributes to EE increase: Waste heat 
utilization during off - peak

}CHP is technically and economically viable in 
Office Applications

}Significant environmental impacts due to 
òenergy recyclingó

}Detailed Report:

http://www.gulfcoastcleanenergy.org/Portals/24/Project/Office%20 - %20CHP%20Screening%20Analysis.pdf

32

http://www.gulfcoastcleanenergy.org/Portals/24/Project/Office - CHP Screening Analysis.pdf
http://www.gulfcoastcleanenergy.org/Portals/24/Project/Office - CHP Screening Analysis.pdf
http://www.gulfcoastcleanenergy.org/Portals/24/Project/Office - CHP Screening Analysis.pdf


}~ 600 million square feet ðOffice Space in 
Austin, Houston, Dallas & San Antonio

}Potential CHP installed capacity: 1.2 GW
ƁDemand Reduction(Cooling Only): 446 MW

ƁElectricity Use reduction(Cooling Only): 1,824 GWh

}Reduction in Emissions

ƁNOx : 4,813 tons / year

ƁCO2 : 3.7 million tons/ year
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